Estrogen deprivation in postmenopausal women increases cardiovascular risk. Cardiovascular risk as a result of atherosclerosis is able to induce an inflammatory disease as far as cyclooxygenase-2 (COx-2) expression. The purpose of the study was to investigate the role of COx-2 on exercise training in female mice low-density lipoprotein receptor knockout (LdL-KO) with or without ovariectomy. A total of 15 female C57BL/6 mice and 15 female LdL-KO mice were distributed into 6 groups: sedentary control, sedentary control ovariectomized, trained control ovariectomized, LdL-KO sedentary, LdL-KO sedentary ovariectomized and LdL-KO trained ovariectomized. The ascending part of the aorta was stained with h&E and COx-2 expression was assessed by immunohistochemistry. Results revealed that ovariectomy as well as exercise training were not able to induce histopathological changes in mouse aorta for all groups investigated. LdL-KO mice demonstrated plaque containing cholesterol clefts, foamy histiocytes and mild inflammatory process for all groups indistinctly. Ovariectomy induced a strong immunoexpression in atherosclerosis lesion of LdL-KO mice. Nevertheless, a down-regulation of COx-2 expression was detected in LdL-KO trained ovariectomized when compared to LdL-KO sedentary. Our results are consistent with the notion that exercise training is able to modulate COx-2 expression in LdL-KO mice as a result of COx-2 down-regulation.
INTRODUCTION
Menopause is a critical period in a woman's life, characterized by decreased ovarian hormone production due to age (Ludgero-Correia et al. 2011) . Removal of ovarian hormones in mice by ovariectomy mimics women in menopause, increasing the susceptibility to obesity and its associated comorbidities, as far as inflammation (Hong et al. 2009 , Vieira et al. 2007 ). Atherosclerosis has particular interest, as it may be the underlying cause of myocardial infarction and ischemic stroke as a result of an inflammatory disease (Ross 1999).
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Cyclooxygenase (COx) plays a key role in the conversion of arachidonic acid to prostaglandins in inflammation. COx has 2 isoforms: COx-1, expressed by most tissues and mediates normal physiological functions; and COx-2, rapidly induced at sites of inflammation (Burleigh et al. 2002) . According to studies with human atherosclerotic lesions, COx-2 is expressed by endothelial cells, smooth cells and macrophages (Schonbeck et al. 1999 , Baker et al. 1999 .
Accumulating evidence suggests the benefits of exercise on body weight, bone constitution, muscle strength and endurance, flexibility, oxygen consumption, blood pressure, and metabolic control after menopause (Asikainen et al. 2004 ). In addition, regular exercise offers protection against mortality, primarily by protection against cardiovascular disease (Petersen and Pedersen 2005) . However, it would be interesting to know if, and to what extent, exercise training is able to modulate COx-2 expression in mice suffering atherosclerosis and menopause, particularly because there are no previous reports. Therefore, the purpose of the present study was to investigate if exercise training associated or not with menopause is able to modulate the inflammatory process as a result of COx-2 expression in mice suffering atherosclerosis.
MATERIALS AND METHODS
ANIMALS AND GROuPS
All experiments were performed on 15 female C57BL/6 mice and 15 female low-density lipoprotein receptor knockout mice LdL-KO (20-25 g) from the Animal Shelter of Universidade São Judas Tadeu, São Paulo, Brazil. The mice received standard laboratory chow and water ad libitum. The animals were housed in cages in a temperature-controlled room (22°C) with a 12-h dark-light cycle. All mice were treated similarly in terms of daily manipulation. All surgical procedures and protocols were approved by the Experimental Animal Use Committee of Universidade São Judas Tadeu (058/2007). The mice were randomly assigned to one of six groups (n = 5 per group): sedentary control (G1), sedentary control ovariectomized (G2), trained control ovariectomized (G3), LdL-KO sedentary (G4), LdL-KO sedentary ovariectomized (G5) and LdL-KO trained ovariectomized (G6).
OvARIECTOMY
At nine months of age, animals were anesthetized (Ketamine 120 mg/Kg + Xylazin 20 mg/Kg), and a small abdominal incision was made. The ovaries were then located, and a silk thread was tightly tied around the oviduct, including the ovarian blood vessels. The oviduct was sectioned and the ovary removed. The skin and muscle wall were then sutured with silk thread (Marsh et al. 1999 , Irigoyen et al. 2005 ).
EXERCISE TRAINING
All animals from trained groups (G3 and G6) were adapted to the treadmill (10 min/day; 0.3 Km/h) for 3 days prior to beginning the exercise training protocol. A maximal treadmill test (Irigoyen et al. 2005 , Souza et al. 2007 ) was performed in trained groups a week after ovariectomy: first at the beginning of the experiment; in a second time in the fourth weeks of the training protocol. The purpose was to determine aerobic capacity and exercise training intensity. Exercise training was performed on a motor treadmill at low-moderate intensity (~50-60% maximal running speed) for one hour a day, 5 days a week for 4 weeks, with a gradual increase in speed from 0.3 to 1.2 Km/h.
HISTOPAThOLOGICAL ANALYSIS
The ascending part of aorta were taken and kept in 10% formalin buffered for 24h. The specimens were routinely embedded in paraffin blocks and cut in 1159 COX-2 ON EXERCISE TRAINING IN LDL-KNOCKOUT MICE transversal sections (3 µm). The slides were stained with hematoxylin and eosin. The specimens were analyzed with light microscope (Axio Observer.d1 zeiss ® , Germany).
IMMuNOhISTOChEMISTRY
Paraffin was removed with xylene from serial sections of 3 µm and the sections were rehydrated in graded ethanol. Then, they were pretreated in a microwave with 0.01M citric acid buffer (pH 6) for three cycles of 5 minutes each at 850W for antigen retrieval. The material was pre-incubated with 0.3% hydrogen peroxide in phosphate-buffered saline (PBS) solution for 5 minutes to inactive the endogenous peroxidase and then blocked with 5% normal goat serum in PBS solution for 10 minutes. The specimens were then incubated with antiCOx-2 polyclonal primary antibody (Santa Cruz Biotechnology, Santa Cruz, CA) at a concentration of 1:200. Incubations were carried out overnight at 4°C in a refrigerator. This was followed by two washes in PBS for 10 minutes. The sections were then incubated with biotin-conjugated secondary antibody anti-rabbit IgG (Vector Laboratories, Burlingame, CA) at a concentration of 1:200 in PBS for 1 hour. The sections were washed twice with PBS followed by the application of performed avidin biotin complex conjugated to peroxidase (Vector Laboratories) for 45 minutes. The bound complexes were visualized by the application of a 0.05% solution of 3-3 -diaminobenzidine solution and counterstained with harris hematoxylin. On control studies of the antibodies, the serial sections were treated with rabbit IgG (Vector Laboratories) at a concentration of 1:200 in place of the primary antibody. Additionally, internal positive controls were performed with each staining bath.
Sections stained using immunohistochemistry were analyzed for the percentages of immunopositive cells in control and "hot spot" areas. A total of 1,000 cells were evaluated in 3 to 5 fields at 400x magnification. These values were used as labeling indices.
STATISTICAL METhOdS
Statistical analysis was perfomed by Kruskal-Wallis non-parametric test followed by the Dunn's test using SPSS software pack (version 1.0). "p" value < 0.05 was considered for statistic significance.
RESULTS
HISTOPAThOLOGICAL ANALYSIS
The histopathological evaluation revealed that there were no remarkable changes in the sedentary control group (G1) ( Figure 1A ) as well as in control mice submitted to ovariectomy (G2) ( Figure 1B ) and/or trained ovariectomized (G3) ( Figure 1C) . however, LdL-KO sedentary mice revealed histopathological changes such as the presence of Figure 1 -Histopathological evaluation of groups G1, G2 and G3. In 1A, sedentary control (G1); In 1B, sedentary control and ovariectomized group (G2) and in 1C trained control ovariectomized group (G3). h&E staining. Scale Bar = 100 µm.
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plaque with cholesterol clefts, foamy histiocytes, and mild inflammatory process (G4) (Figure 2A ). The ovariectomy (G5) or ovariectomy associated with exercise training (G6) did not interfere with the presence of atherosclerosis in LdL-KO mice ( Figures 2B and 2C , respectively).
IMMuNOhISTOChEMICAL DATA
Immunohistochemical pattern was considered cytoplasmic for COx-2 immunomarker investigated in this setting.
In the sedentary control group (G1), COx-2 immunoexpression was weak in the aorta wall ( Figure 3A ). In the same way, experimental sedentary control ovariectomized (G2) or trained control ovariectomized (G3) was considered negative indistincly for COx-2 immunoexpression ( Figures 3B and 3C, respectively) .
Regarding LdL-KO sedentary group (G4), a mo derate immunoexpression was detected ( Figure  4A) . however, the association with LdL-KO and ovariectomy (G5) induced a strong pattern of COx-2 immunoexpression in some cells of atherosclerosis lesion ( Figure 4B ). The LDL-KO ovariectomized and trained (G6) was able to decrease COx-2 expresssion when compared to G4 ( Figure 4C ). Such findings are summarized in the graph showed in Figure 5 . 
COX-2 ON EXERCISE TRAINING IN LDL-KNOCKOUT MICE
DISCUSSION
The aim of this study was to evaluate the protective effects of exercise training on inflammatory process induced by atherosclerosis in ovariectomized mice. The investigation was conducted using the immunohistochemistry for COx-2. To the best of our knowledge, the approach has not been addressed before.
Histopathological analysis revealed that the groups exposed to exercise training or ovariectomy did not exhibit any morphological changes in this setting. however, LdL-KO mice revealed histopathological changes such as plaque containing cholesterol clefts, foamy histiocytes, and mild inflammatory process. The association of ovariectomy or exercise training did not change the microscopic findings. Taken as whole, the outcomes exerted by menopause or exercise training are not able to induce histopathological changes in aortic tissue.
Accumulating evidence suggests that prostaglandin may also play key roles in growth and differentiation control of the several tissues (Cansell et al. 2007 ). In prostaglandin biosynthesis, cyclooxygenases catalyze the key reactions (Feng et al. 1993) . As an important member of the cyclooxygenase isoenzymes, COx-2 was usually found to be expressed in a variety of tumors and inflammatory reactions. To further elucidate the role of COx-2 in dislipidemic mice suffering atherosclerosis, we evaluated the expression pattern of COx-2 in the aortic cells to explore the possible outcomes of certain therapeutic modalities in the normal structure and function of the aorta. Our results demonstrated that COx-2 immunoexpression was weakly detected in mice from the control group (sedentary) as well as in those subjected to ovariectomy or exercise training. However, a strong expression was detected in the atherosclerosis lesion of LdL-KO mice exposed to experimental menopause. In fact, some authors have postulated that COx-2 promotes early atherosclerotic lesion formation in LdL Receptor-deficient Mice in vivo (Burleigh et al. 2002) . By comparison, some studies have provided evidence that selective inhibition of the COx-2 enzyme with celecoxib prevented the development of atherosclerotic lesions in the proximal aortas from apo E-/-mice (Jacob et al. 2008) . One of the possible mechanisms is reduction in endothelial expression of the cell intercellular adhesion molecule and vascular cell adhesion molecule, which plays a key role in the recruitment of inflammatory cells during the early stages of atherogenesis. Moreover, some authors demonstrated that selective inhibition of COx-2 and elimination of COx-2 from macrophages significantly reduces early atherosclerotic lesion formation in apoE-deficient and C57BL/6 mice (Burleigh et al. 2005) . Deletion of the prostacyclin receptor removed the atheroprotective effect of estrogen in ovariectomized female mice (Egan et al. 2004) . Therefore, it seems that COx-2 expression plays an important role in a proatherogenic mechanism, and support the potential of anti-inflammatory therapeutic approaches for atherosclerosis.
Nowadays, there is little information regarding whether exercise training above a certain intensity or duration could have beneficial effects. Accumulating evidence suggests that exercise training enhances oxygen consumption, in an intensity dependent fashion, which is associated with augmented generation of immediate oxidative by-products: reactive oxygen species (Davies et al. 1982) . Exercise-induced increases in oxygen radical species production stimulates enzymatic and nonenzymatic antioxidant responses, especially in cases of recurrent efforts (Ascensao et al. 2005) . Our results demonstrated that the exercise training associated with dislipidemia was able to reduce COx-2 immunoexpression in aortic cells suferring atheroscherosis. The findings are new, and therefore, difficult to discuss. It has been established that selective inhibition of COx-1 (aspirin) or COx-2 (rofecoxib) does not affect systemic prostacyclin synthesis after physical exercise in trained healthy volunteers (Weber et al. 2007 ). Conversely, chronic exercise ameliorates the neuroinflammation in mice (Leem et al. 2011) . Some authors have assumed that inhibition of COx-2 in cardiomyocytes may contribute to heart failure in patients receiving nonsteroidal anti-inflammatory drugs specific for inhibition of COx-2 (Wang et al. 2009 ). This requires further study.
Taken together, our results are consistent with the notion that exercise training is able to modulate COx-2 expression in LdL-KO mice as a result of COx-2 down-regulation. As extrapolation from animal to human research requires considerable caution, further studies are warranted to provide additional evidence of the long-term consequences of menopause or exercise training. 
